showing a mass lesion in the right frontoparietal parasagittal region, and with contrast medium showing a homogeneously enhanced lesion attached to the falx with so-called dural tail sign. 
Introduction
Osteosarcoma is a highly malignant tumor of mesenchymal cell origin, and is the most common primary cancer in the bones. Intracranial osteosarcoma is rare as a primary tumor and usually occurs as metastases. Only a few cases of primary intracranial osteosarcoma have been described. [2] [3] [4] [5] 8, 18, 20, 24, 25) Here we report a case of intracranial osteosarcoma which developed at the site of radiosurgery for a benign neoplasm.
Case Report
A 53-year-old woman was referred to our clinic because of headache and head heaviness in 1997. Computed tomography (CT) and magnetic resonance (MR) imaging revealed an intracranial mass, 20 mm in diameter. MR imaging with contrast medium showed a homogeneously enhanced, welldemarcated mass attached to the falx (Fig. 1) . The patient had previously suffered from breast cancer which was in remission at that time. The possibility of metastatic lesion was excluded carefully. CT of the thorax and abdomen failed to discover any other tumor. Tumor markers including alpha-fetoprotein, carcinoembryonic antigen, and CA19-9 were negative. Scintigraphy of the whole body revealed no abnormal uptake. The clinical and radiological diagnosis of the tumor was falx meningioma. The patient refused the recommended operation. She underwent three courses of radiosurgery for the intracranial tumor using a 201-source 60 Co gamma knife system at another hospital during 6 months in 1998. The maximum and marginal radiation doses were 60 and 30 Gy, respectively. After the procedure, she came to our clinic every 6 months for follow-up CT or MR imaging. The latest MR imaging in September 2001 showed shrinkage of the tumor (Fig. 2) . She remained without symptoms for 4 years. The patient presented to our emergency room because of sudden onset of headache, left hemiparesis, and aphasia in May 2002. Brain CT revealed intra-and peritumoral hemorrhage (Fig. 3) . MR imaging revealed a brain tumor in the right parietal lobe (Fig. 4) . Angiography showed no vessel abnormality such as arteriovenous malformation or cerebral aneurysm. CT of the thorax and abdomen discovered no other tumor. Scintigraphy of the whole body revealed no abnormalities.
Craniotomy exposed the fibrous and firm tumor attached to the falx. The skull was not involved. The tumor with the attached falx and hematoma were grossly totally removed. Postoperatively, her right hemiparesis improved gradually with eventual full recovery except for mild motor aphasia and agraphia. Complete systemic evaluation showed no evidence of other disease. Brain MR imaging and technetium-99m bone scintigraphy showed only postoperative changes.
Four weeks after surgery, adjuvant combination chemotherapy was initiated, consisting of high-dose methotrexate, doxorubicin, and cisplatinum. Twelve months after diagnosis, MR imaging of the brain displayed nonspecific changes in the white matter. Follow-up bone scintigraphy, and chest and abdominal CT showed no abnormalities.
Histological examination showed the tumor consisted of small round cells with neoplastic osteoid or bone lamellae (Fig. 5) . Vascularized medullary-like structures were observed in some areas whereas intratumoral hemorrhage was not observed. Mitotic figures were frequently observed. There was no evidence of meningioma or metastatic tumor in any of the resected tissue. Immunohistochemical staining was negative for neuron-specific enolase, S-100 protein, and glial fibrillary acidic protein, and slightly positive for epithelial membrane antigen and vimentin. The Ki-67 labeling index measured using MIB-1 monoclonal antibody was 8.9%. The histological diagnosis was malignant osteosarcoma. 
Discussion
The delayed risk of both benign and malignant neoplasms in tissues exposed to conventional radiation therapy is well known and has an incidence of about 0.5/1000 after 10 years. 1,23) Sarcomatous change is a rare complication of radiation. 1,12,21,22) A sarcoma, usually high grade, will developed in 1 in 1000 patients treated with conventional radiotherapy who survive for 5 years. 1) The latency period ranges from 3 to 25 years. The criteria for postradiation sarcoma include development of the sarcoma within the radiation field and period of latency of at least 3 years between radiation and malignant tumor development. 4) The present case of intracranial osteosarcoma at the site of radiosurgery for benign neoplasm does meet the criteria for radiation-induced tumors. 7) These criteria require that the secondary tumor arises in the irradiated field; the latency period is at least several years; histological and/or imaging evidence is available of the initial tumor; histological confirmation is obtained of the secondary neoplasm; and the secondary tumor must differ histologically from the original irradiated tumor. No previous histological results were available in the present case to confirm that the osteosarcoma differed from the primary lesion. We believe that the primary lesion was benign tumor because no change in size occurred for at least 4 years. The histology of the resected tumor showed highly malignant osteosarcoma. We speculate that the radiosurgery may have induced malignant degeneration. The present patient had a history of previous breast cancer. Whether this patient was more prone to the development of malignant neoplasm remains unknown.
Stereotactic radiosurgery implies high-precision focusing of beams of radiation toward a focal and sharply circumscribed intracranial target volume to achieve tissue destruction or arrest of tumor growth. 14) This method has been used in the treatment of a variety of intracranial lesions, including arteriovenous malformations, metastatic tumors, gliomas, pituitary adenomas, acoustic neurinomas, and meningiomas. 6, 11, 13, 16, 17) Experience in using radiosurgery for benign intracranial lesions is increasing. Irradiation-induced malignancy after exposure to radiosurgery is to be anticipated, but has so far been reported in only a few patients. 2, 10, 19, 27) The radiobiological effects of radiosurgery on intracranial tumors typically cause central degeneration or necrosis of the tumor and peripheral proliferative vascular changes in postmortem and surgical specimens.
Modern treatment for osteosarcoma includes neoadjuvant chemotherapy, surgery, and postoperative chemotherapy. Most patients with primary brain osteosarcoma received adjuvant chemotherapy using high-dose methotrexate, adriamycin, and cisplatinum. 9, 15, 26) In the present case, we decided against radiotherapy because the present patient had received three courses of radiosurgery. Recently, stereotactic radiosurgery has been increasingly applied for various intracranial lesions. However, the options should be considered carefully for easily accessible benign lesions. 
